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Better performance on the psychomotor vigilance task is associated with
longer sleep duration and lower self-reported sleep need in the real world

Erin E. Flynn-Evans (NASA); Lucia Arsintescu (SJSUF); Kevin Gregory (SISUF);
Jeffrey Mulligan (NASA); Jessica Nowinski (NASA); and Michael Feary (NASA)

Introduction: The psychomotor vigilance task (PVT) is sensitive measure of
performance impairment arising from sleep loss and circadian misalignment. Some
individuals are able to maintain stable, good performance during laboratory-
imposed sleep restriction. It is unclear whether such individuals need less sleep or
whether they are more resilient to the effects of sleep loss. We aimed to
characterize the relationship between sleep duration and perceived sleep need with
PVT performance under real-world conditions.

Methods: We collected actigraphy (MotionWatch 8, CamNtech), daily sleep logs,
and the PVT (3-10 times/day) from airline pilots over a 34-day fixed work
schedule that began with a baseline (mid-morning start) and then varied between
early and late shifts. We split the participants into quartiles by mean baseline PVT
performance and calculated sleep duration, self-reported sleep need, and
percentage of sleep obtained relative to perceived need. We used analysis of
variance to compare sleep outcomes between PVT quartiles.

Results: Thirty-seven participants completed the study (3F). The mean PVT scores
over the entire study varied according to the baseline quartile split (quartile 1 [Q1]
=229.1 ms £84.9 SD; Q2 = 245.2 ms +79.9; quartile 3 [Q3] = 267.8 ms £65.2;
quartile 4 [gq4] = 331.9 ms £146.2) and remained stable irrespective of work
schedule (e.g. those in Q1 had the best performance throughout). Actigraphy-
derived sleep duration was significantly shorter among those in Q3 (64 h+1.4;p=
0.01) and Q4 (6.4 £1.5; p=0.01) compared to Q1 (6.8 h +1.3). Participants in Q1
reported needing less sleep (7.7 h + 0.7), but obtained a higher percentage of their
self-reported sleep need (90%) on average compared to those in the other quartile
categories (Q2 =7.9 h 0.6, 86%; Q3 = 8.0 h +0.8, 81%; Q4 = 8.1 h +0.7, 79%).

Conclusion: We found that participants with the best performance on the PVT
reported needing less sleep, but obtained more sleep on average than those in the
poorer performing groups. Our findings confirm that longer sleep duration is
associated with better PVT performance and suggest that sleep need may differ
between individuals who are defined resilient and vulnerable according to the
PVT.



Better Performance on the Psychomotor Vigilance Task is Associated with
Longer Sleep Duration and Lower Self-Reported Sleep Need in the Real World

e
Flynn-Evans, E. E.," Arsintescu, L.,2 Gregory, K. B.,2 Mulligan, J. B.," Nowinski, J. L.,' and Feary, M. S." el
TNASA Ames Research Center, Moffett Field, CA; 2San Jose State University Research Foundation, Moffett Field, CA
INTRODUCTION RESULTS RESULTS
» Group average performance on the psychomotor vigilance task [Partinipants S |
(PVT) changes according to sleep loss and circadian misalignment |* N = 37 pilots (3 female), mean age 30.8 + 7.1 (mean + SD) Table 2 Hoers of e by suly tjoe aod HE Juarie of PVT Erl:rrrm:e
Li d Di 2010 s £ s T (-
- af‘ ; l'nges ) i Tabls 1. Demogeaphiz chamcsratcs by basaine P47 e ! T11H 69414 54 20 BG4
¥ Some individuals are able to maintain stable, good PVT T 1R T EaET ah T | Bamins a8 1.3 .1 039 aa 1.5 E5(09]
performance even during sleep restriction (Van Dongen et al. 2012;| A H ) S (SRR BTTEAT M S | Emtydsty g i bt 35 (1.9 s, gl
Dennis et al 201?} Hesght o) ECETLE] 1607 (£4] @192 148561 W dZury duty Y311 r 1{_'! e p a4 1.4} BES1 5_|
" Vit fsg) 268 BOG(T10 TAA(0E)  TE7(79| | Lube duy L7 2hE LB, s bl 8 LA
¥ It is unclear whether the phenotypic differences in performance Sab-roporsd sisaz nasd =) AT T.0 05| a0(0E) arinry | Al Nean 4914 4.7 1.4 ALY ES (1.4)
observed in consistent high performers is due to lower sleep need | Comrmuds dms im| A0S C213) Z4N7A] A0(AD) W2
or resiliency against the effects of sleep loss F,t[-':n' 9“-':“’" o Vs SERAL - BARN AN
LoD O el wo iy
% 4§47 ea 8 T T | Fperagn relogve (o 3nf e
> We aimed to characterize the relationship between sleep duration | Stasyt Sooe E21474) SBATE) EPANB1) €34 (0B ,.;:h:, T w;::::;:;::m e
and Pr:::ncewed sleep need with PVT performance under real-world = %) n (%) n % n %) "% of Eloee Noed
conditions :‘mmE T11m ET] oim (M) Cuariha 1 LU ERE]
wrknl St i
Srghe B | 5 [E3) 7 (7o) 4044 gm: i ::’ :?;'
blarred 2 |am 1 (48 3 {304 5 (38 > 1=
METHOD Cagvene] gmphery $ ) tin Q) 0 Quaryls 4 {13
Igi'l chlers gl%l ::n::n :-.i'-!'_ 2\';:
i Fawind Mot i) (] IJI 3 *IJE'. 338
Participants and Protocol ::: P T ::Ig: ',_.,';;' i ; ;J_.',DI', CON CLU S I O N S
»  Short-haul airline pilots O = GORBTIRRTS. Ki) = RADJTRNAS, h = REUFE M T Feniing -
3 ; Preliminary analysis suggests:
recruited from a single g : - i . i i
airline FRIERIRTENL - IR DTN, [» Participants in the quartile of best performance appeared to
S Prestidvaisstichnnies - - maintain stable performance during each work schedule
inciudingydlmographi(s : . " o manipulation, consistent with the trait-like resiliency observed in
4 ) ' | . - ior studies
Epworth Sleepiness Score, - ! s
Cﬁecklist of Ir?dividual . j ; . jF o 2 » Par_ticipants in the guartile of poore_st performance had more
Strength . ! . : i i : t variable PVT performance at baseline and throughout the study
> 34-day fixed daytime work g - | ; : ! o ! ! H » Participants in the best quartile of performance reported needing
schedule (Figure 1) . eedil L i - — e mm— less sleep on average, but achieved the most sleep across study
> Sioep measures: : o TRl NG o Somteii b | Condtons . ,
actigraphy (MontionWatch  * = - ¥ Participants in the worst quartile of performance reported needing
8, CamNtech), daily sleep . - ™ i more sleep, but achieved a less sleep relative to the other quartiles
logs § - 1 d Y : E . » These findings suggest that individuals who show resilient
»  Performance measure: 5- i i i i l | performance on the PVT may need less sleep than average
minute PVT 3-10 times = | | : ! - 1 » Additional data is needed to validate these findings

daily depending on work
schedule
Statistical Methods

s W AW AR e E

» Participants split by
quartile of overall PVT »
performance L]
¥  Calculation of actual sleep F

I R E RE B DN B R =R

obtained, proportion of
sleep obtained relative to
need

Figure 1. Study protocaol for pilots
participating in the study. Dark gray
= flights, light gray = approximate
sleep.

Figure 2. PVT reaction time by study block for each individual in
each of the quartile groups

¥ PVT mean and variability for those in Q1 (early: p < 0.01; midday: p <
0.01; late: p < 0.01), Q2 (early: p = 0.02; midday: p < 0.01; late: p <
0.0001), and Q3 (early: p < 0.01; midday: p < 0.01; late: p < 0.01)
increased in each of the duty blocks relative to baseline

¥ Participants in Q4 increased in variability for each duty block relative
to baseline, but the mean PVT score did not change (early: p = 0.23,
midday: p = 0.32; late: p = 0.46)
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